Fuzzy Logic-Based Voltage Controlling Mini Solar Electric Power Plant as an Electrical Energy Reserve for Notebook  by Fajri, Ilhami & Nazir, Refdinal
 Energy Procedia  68 ( 2015 )  97 – 106 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Scientific Committee of ICSEEA 2014
doi: 10.1016/j.egypro.2015.03.237 
2nd International Conference on Sustainable Energy Engineering and Application, ICSEEA 2014 
Fuzzy logic-based voltage controlling mini solar electric power 
plant as an electrical energy reserve for notebook 
Ilhami Fajria,*, Refdinal Nazirb 
aOmexom Indonesia, Jakarta-13930, Indonesia 
bAndalas University, Padang-25163, Indonesia 
Abstract 
This project aims to develop and to test a prototype of mini Solar Electric Power Plant (mini SEPP) for a notebook battery 
charging with constant output voltage from a fluctuated input voltage. The mini SEPP consist of solar cells, boost converter, and 
ATmega128 microcontroller. Fuzzy logic as control method is used to control output voltage of mini SEPP. In this research, error 
tolerance of mini SEPP output voltage is 5% of set voltage. Testing of mini SEPP has done in three conditions: cloudy weather, 
sunny with cloud weather, and sunny weather. Result of the test had shown that mini SEPP worked in sunny weather properly but 
it didn’t work properly in cloudy weather and sunny weather with cloud because output power of solar cells was not at maximum 
point but the mini SEPP still charged notebook battery. 
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1. Introduction 
Notebook is an electronic device which is used by many people for helping their work. Notebook can be operated 
by a Li-ion battery or ac power source. Notebook’s battery can be used to operate notebook for 2-3 hours. Problem 
now, notebook user can not charge the notebook’s battery in area not electrified. Need to create a converter which 
can convert available energy in nature into electrical energy used for notebook battery charging. Sun energy is an 
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available energy in nature that can be converted into electrical energy using solar cell. Since the electrical energy 
produced by solar cell is fluctuated, the converter also must have ability to stabilize the electrical energy produced 
by solar cell. With this, the problem above can be resolved by creating mini solar electric power plant (mini SEPP) 
as an electrical energy reserve for notebook. 
Last research had showed that photovoltaic system could be controlled through the boost converter with voltage-
feedback technique [1]. The output voltage of boost converter is recorded continuously and then compared with 
microcontroller’s set voltage. Then, the voltage difference is used as a parameter for the microcontroller producing a 
PWM signal for controlling boost converter switching. Propose system of mini SEPP in this project is also using 
voltage-feedback control technique while fuzzy logic is used as control method and embedded in microcontroller. 
The difference between output of the converter and the microcontroller’s set voltage will be an input for fuzzy logic 
in order to produce control signal. Limitation problems of this project are the notebook’s battery charging using 
constant voltage method. The notebook used in this project have a specification of 11,1 V 4000mAh battery, and 
error tolerance of controlling voltage is 5% of set voltage. 
2. Research methodology 
Basic concept of mini SEPP is stabilizing the output voltage of PV module from fluctuated input voltage. Mini 
SEPP contain of PV module, boost converter, microcontroller, and fuzzy logic control system. Fuzzy logic is written 
in programming language and downloads to the microcontroller. 
2.1. Characteristic of solar cell 
Solar cell is a semiconductor device which able to convert energy of sunlight into electrical energy. Equivalent 
circuit of solar cell is shown in Fig. 1. Equation for solar cell characteristic can be written [2]. 
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where I is cell output current, ILG is light generated current, IOS is cell reverse saturation current, q is electronic 
charge, A is dimensionless factor, k is Boltzmann’s constant, T is temperature, V is cell output voltage, RS is series 
resistance, and RSH is shunt resistance. I-V characteristic curve of solar cell is shown in Fig. 2. 
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Fig. 1. Equivalent circuit of solar cell 
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Fig. 2. I-V characteristic curve of solar cell. 
From Fig. 2, ISC is short circuit current of solar cells, VOC is open circuit voltage of solar cells, IM is maximum 
current of solar cells, VM is maximum voltage of solar cells, and PM is maximum power of solar cells. Operation 
points of solar cells are through of curve line. Generated power by solar cells is multiplication of V and I. Maximum 
generated power by solar cells is multiplication of VM and IM that can be produced by solar cell, as show in shaded 
area of the curve. 
2.2. Review of boost converter 
Boost converter is a DC-DC converter which has output voltage magnitude equal or higher than input voltage. 
This converter does not need a transformer to step up the input voltage [5]. This device consist of dc voltage source 
VS, inductor L, switch S (such as MOSFET, IGBT, SCR), diode D, capacitor C, and resistance R [6]. Boost converter 
circuit shown in Fig. 3 (a). Boost converter operate in two modes. First, switch is turned on (close) at t = TON as 
shown in Fig. 3 (b) and then switch is turned off (open) at t = TOFF as shown in Fig. 3 (c). 
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Fig. 3. Boost converter (a) circuit diagram; (b) circuit diagram during TON; (c) circuit diagram during TOFF 
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During the switch turned on, diode is reversed bias and input voltage supplying to inductor. VL jumps 
instantaneously to VIN.  During switch is turned off, energy stored in inductor is transferred to load. Voltage of 
inductor will adds the input voltage, consequently increase the output voltage. And the current will flows through L, 
D, and C to R and cycle repeats. The output voltage of boost converter can be determined as follow [6]. 
 D
VV SO  1   (2) 
where VO is boost converter output voltage, VS is boost converter input voltage, and D is duty cycle of switching. VO 
is larger than or equal to VS. In conduction continuous mode, L value is calculated using equation [6]. 
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where Lb is minimum inductor, D is duty cycle of switching, R is output resistance, and f is switching frequency of 
switch. Value of L in circuit has to bigger than Lb. Capacitor is used to maintain output voltage. Value of capacitor 
can be written [6] 
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C
r
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where Cmin is minimum capacitor, D is duty cycle of switching, R is output resistance, f is switching frequency of 
switch, and Vr is voltage ripple. 
2.3. Review of fuzzy logic 
Unlike Boolean logic, which has only two values true and false, fuzzy logic is a logic which has fuzzy or 
similarity value between false and true [3]. In fuzzy logic, value of a variable can be false or true at the same time, 
but how much false or true a value depends on the weight of its membership. In fuzzy logic, there are operational 
steps. The steps are preprocessing, fuzzyfication, inference, defuzzyfication, and post processing. Preprocessing is a 
normalization step. It means, input of fuzzy logic is not process directly to next step but must be change to value 
with interval 0-1 in order to match the input with membership function which is also have interval 0-1. In 
fuzzyfication, the input is conformed to membership function and its degree of membership. There are types of 
membership function. Those are trapezoid, triangular, L shaped, Г shaped etc. in inference engine, fuzzy input and 
fuzzy output is mapped. These input and output are connected by if-then rules which are represented by fuzzy 
associative memories (FAM’s). The output of inference is still in fuzzy value. This fuzzy output must convert to 
crisp value in order to be used in system. There are various method in defuzzyfication such as centroid method, 
weighted average method, and max-membership method etc [4]. Since output from defuzzyfication has interval 
value 0 – 1, in postprocessing, these values are scaled to other value. 
3. Propose system of mini solar electric power plant 
Mini SEPP system diagram is shown in Fig. 4. Input voltage of boost converter take from solar array and output 
voltage of boost converter is connected to notebook to charge notebook’s battery. This project uses a PV module 
with characteristic: 
x PM = 10 Wp 
x VM = 17.35 V 
x VOC = 21.31 V 
x ISC = 0.64 A 
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And used notebook’s battery which have 6 cells with rating is 11 V 4,000 mAh 
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Fig. 4. Diagram of mini Solar Electric Power Plant (mini SEPP). 
ATmega128 microcontroller which has built in ADC and timer is used as controller of boost converter switching. 
Fuzzy logic as control method is embedded in ATmega128. Voltage divider circuit is used as voltage sensor of 
boost converter output voltage. Then, output of voltage sensor is read by built in ADC of microcontroller. Output 
voltage of sensor is designed maximum 5 V because built in ADC of microcontroller is unable to read analog 
voltage more than 5 V. If read voltage by ADC is not equal to set voltage, the read voltage is processed by fuzzy 
logic through five steps above, those are preprocessing, fuzzyfication, inference, defuzzyfication, and 
postprocessing. If the read voltage by ADC is equal to set voltage, fuzzy logic does not process the read voltage. 
In preprocessing, fuzzy inputs are error and delta error. Error is difference between output voltage of boost 
converter and set voltage of microcontroller and delta error is difference between error now and previous error. 
Fuzzy output is duty cycle of PWM signal which is used to control boost converter switching through 
microcontroller’s built in timer. For defuzzyfication, L shaped, triangular, and Г shaped are used as types of 
membership function. Membership function of error and delta error are same in this project as shown in Fig. 5 and 
membership function of output is shown in Fig. 6. NL, NM, NS, NVS, Z, PVS, PS, PM, and PL are membership 
function where NL is negative large, NM is negative medium, NS is negative small, NVS is negative very small, Z 
is zero, PVS is positive very small, PS is positive small, PM is positive medium, and PL is positive large. Value of 
membership function is in horizontal axis and degree of membership is in vertical axis. 
 
 
Fig. 5. Membership function of input (error and delta error). 
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Fig. 6. Membership function of output. 
Membership function of input and output is connected in inference engine using FAM’s as shown in Fig. 7.  This 
inference engine use Mamdani method. Degree of membership of the output is defined by the most minimum value 
of the inputs (error and delta error).  Weight average method is used in this project for defuzzyfication. Flowchart of 
designed fuzzy logic is shown in Fig. 8. 
 
 
Fig. 7. Fuzzy associative memories. 
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Fig. 8. Flowchart of embedded fuzzy logic in ATmega128. 
Charging voltage of notebook’s battery must larger than 11.1 V. In this project, voltage 13 V is used to charge the 
notebook’s battery. Thus output voltage of planned mini SEPP is hold 13 V constant with error tolerance 5% 
although input voltage of boost converter is fluctuated, so interval of output voltage are 12.35V-13.65 V. Allowable 
minimum input voltage of boost converter is limited 5.85 V in order the system can control the output voltage of 
boost converter to 13V. So, refer to (2) maximum duty cycle of PWM is designed 0.55. MOSFET driver is needed 
to operated MOSFET because amplitude of generated PWM by microcontroller is 5 V and unable to switch the 
MOSFET. In order to less voltage drop, switching frequency is used 4 kHz. Refer to (3), value of L is 17 mH. 
Desired output voltage ripple is below 1%. From (4), value of C is 220 uF. 
4. Results 
Result of this project show that the mini SEPP able to charge notebook’s battery and can stabilize the output 
voltage from PV module in given range, 12.35 V-13.65 V. In experiment, there are used three weather conditions 
sunny weather, sunny with cloud weather, and cloudy weather. Results of experiment are shown in Fig. 9, Fig. 10, 
and Fig. 11. From Fig. 9, Fig. 10, and Fig. 11, transient response occurred before system reach steady state. From 
figures, the voltage drop is occurred, from ±20 V to ±13 V. This is cause by current drew by battery during charging 
is larger than the current produced by PV module. The voltage drop also occurred by converter losses. Although the 
output voltage get drop at these condition, mini SEPP still able to charge notebook. 
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Fig. 9. Output voltage of mini SEPP at sunny weather 
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Fig. 10. Output voltage of mini SEPP at sunny with cloud weather 
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Fig. 11. Output voltage of mini SEPP at cloudy weather 
5. Conclusion 
This project has developed a mini Solar Electric Power Plant (SEPP) which able to charge notebook’s battery. 
The mini SEPP consists of a PV module, boost converter, and micro controller. Fuzzy logic control system is 
embedded in microcontroller to control duty cycle of PWM signal in order to hold output voltage of mini SEPP 
constant 13 V with 5% error tolerance. For future work, boost converter design will include losses calculation in 
order to increase efficiency of mini SEPP. Beside, for control method, adaptive fuzzy logic controller is used for 
future work in order to make membership function of input and output more efficient. 
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